has argued that the central problem in ecology is the determination of the factors controlling the spatial pattern of ecosystems at the wide range of scales at which spatial heterogeneity is observed. Particularly intriguing is how movement and interactions at small scales, such as competition, dispersal, and local environmental variations, can result in spatial pattern at larger scales.
Several generic mechanisms have been proposed to generate spatial variations in abundance. For instance, diffusive instabilities in multiple species models can generate complex spatial patterns (Okubo 1974, Levin and Segel 1976) . Roughgarden (1977) has argued that random fluctuations in resources necessary for reproduction may also generate complex, patchy spatial distributions. In this paper we propose a model for spatial heterogeneity based on the second mechanism: dispersal in a stochastic environment. The model is an extension of the classic equation studied by Kierstead and Slobodkin (1953) . There are differences in the reported spectra. Platt and Denman (1975) argued that a crossover exists in their data from a high wavenumber region with exponent −2 to a lower wavenumber region with exponent − . The transition occurs at a a spatial scale of about 10 m. Horwood (1978) found no such crossover. He also analyzed variations on much larger scales, up to 20 km. He found that the power spectral behavior with exponent −2 continued up to these scales. This is consistent with the results 
where a is the local abundance and α is the growth rate. Fasham (1978) extended this equation by including a Gaussian white noise η(x, t) to represent a fluctuating environment.
The resulting equation is
This equation generates a spatial distribution with a power spectrum S(k) ∝ (Dk 2 + |α|) −1 .
At high wavenumbers this power spectrum is S(k) ∝ k −2 , similar to the spectrum often 
The surface generated by this equation has one-dimensional transects with a Gaussian distribution and power spectra S(k) ∝ k 
which is the same as equation (3) except for the multiplicative factor in the stochastic term.
This factor does not change the form of the power spectra since the spectra are independent of the variance of the noise term η(x, y, t). environment, may also be generally applicable for "opportunistic" species for which the environmental fluctuations are strong enough that the species abundance rarely approaches the local carrying capacity. For species whose abundance is often close to the local carrying capacity, exponential growth is inappropriate and the logistic growth terms must be used.
The model we have studied predicts a lognormal distribution of abundance as generally observed for species in a wide range of habitats (Preston 1962 , May 1975 . Another measure of the fractal geometry of topography is given by the exponent of the power spectrum of one-dimensional transects. This measure, β is usually defined by the negative of the power spectral exponent: S(k) ∝ k −β . For topography and plankton abundance, β ≈ 2.
Ha and β are related by the relation β = 1 + 2Ha (Turcotte 1992) . The second fractal aspect of topography is that coastlines and contour lines are often fractal with dimension 1.25. On water-filled topography, a coastline is the connected subset of the topography at the constant elevation of sea level. Finally, the cumulative number of islands, domains of topography above a fixed elevation, greater than an area, A, has a power-law dependence on area with an exponent close to − imply that the negative of the power spectral exponent, β, is generally smaller than 2 and exhibits considerable variability between species and habitats, he concluded that fractal geometry is a useful description of spatial variations in vegetative abundance. I hope that this work stimulates the continued study of species abundance patterns with fractal geometry with particular emphasis on the universality of the fractal measures obtained.
I. ACKNOWLEDGEMENTS
I wish to thank the Airborne Lidar Observatory for making their data available over the internet and Creighton Wirick of Brookhaven National Laboratory for generously sharing his time series of local variations in phytoplankton and zooplankton abundance with me.
